Background: Design of new metal complexes is an interesting field for development of new functional molecular-based materials. In this process by the usage of mixed functional ligands one can precisely tune the physical and chemical properties of those metal complexes. However, it is difficult to obtain the desired complex in many cases for factors like different coordination abilities of the ligands and the types of anions have a great influence on the structure.
Background
Bipyridines and its analogues such as phenanthroline as well as substituted phenanthrolines are widely used in the formation of metal complexes [1] [2] [3] for their potential applications in electrochemistry, catalysis, analytical chemistry, biochemistry and also in the mimic chemistry as a substitute for amino acid side group [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . These ligands due to their chelating nature in metal complexes effectively control the aggregation behavior by effectively chelating around the metal centre. In this regard some of the substituted bipyridine and phenanthroline like ligands have been studied [20] [21] [22] [23] . The substitution of a methyl or hydroxy group in the bipyridine has a steric influence which alters the structural behavior of these compounds. Due to the presence of an extended π-system, various non covalent π-interactions which mimic various biological processes, the study of these complexes have gained importance [24] . The coordination geometry of the copper(II) complexes depends on on the ligands, coligands, and counter ions [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Numerous Cu in different coordination environments have been developed to study the supramolecular Cu networks [39] [40] [41] [42] . The five coordinated copper(II) complexes which containing N,N' chelating ligands and monodentate co-ligands have diverse stereo and physicochemical properties [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Recently in addition to investigations of the copper(II) complexes of these ligands with simple anions such as Cl −
, Br
− there are also reports of their mixed ligand complexes and tris chelate mixed ligand complexes. 5-TPC (5-TPC = 5-chloro-2-thiophene carboxylate) not only shows versatile coordination modes but also exhibit non covalent interactions like Cl…π and C-H…Cl [43] [44] [45] [46] [47] [48] .
Experimental

Materials and methods
Commercial starting materials were used without further purification. A solution of Cu(NO 3 ) 2 .3H 2 O (g) in 10 ml of (1:1) CH 3 OH/H 2 O mixture was stirred over a hot plate magnetic stirrer for half an hour and 5-chloro thiophene 2-Carboxylic acid (0.0833g) dissolved in 10 ml of CH 3 OH was added to it. The mixture was stirred for an additional of 2 hours. A green colored solution was formed. About (0.0442g) of (2-2′-bipyridine) was dissolved in 10ml of hot water and added to the reaction mixture. The mixture was stirred for 3 hours. The precipitate was filtered off and the resulting solution was kept for slow evaporation. Green block-shape single crystals of (1) procedures of (2, 3) were the same as that of (1) The complex (5) was synthesized by the same procedure as that of (1) . To the resulting green solution 2ml of H 3 PO 4 was added. The mixture was stirred for 3 hours. The resulting solution was kept for slow evaporation. Blue block-shape single crystals of (5) suitable for X-ray analysis were obtained after a few days.
X-ray crystallography
Intensity data sets were collected at room temperature, on a BRUKER SMART APEXII CCD [49] area-detector diffractometer equipped with graphite monochromated Mo Kα radiation (λ = 0.71073 Å). The data were reduced by using the program SAINT [49] and empirical absorption corrections were done by using the SADABS Table 2 Hydrogen bond metrics for complexes (1-5) [49] . The structures were solved by direct methods using SHELXS-97 [50] and subsequent Fourier analyses, refined anisotropically by full-matrix least-squares method using SHELXL-97 [50] within the WINGX suite of software, based on F 2 with all reflections. All carbon hydrogens were positioned geometrically and refined by a riding model with U iso 1.2 times that of attached atoms. All non H atoms were refined anisotropically. The molecular structures were drawn using the ORTEP-III [51] , POV-ray [52] and MER-CURY [53] . Crystal data and the selected parameters for complexes (1) (2) (3) (4) (5) were summarized in (Tables 1 and 2 ) respectively. The crystals remained stable throughout the data collection. The H atoms of the water molecules in the structure of (1) were located from the difference map and refined with no positional constraints. The water H atoms of (2 and 3) were located in a difference Fourier map and refined as riding on the O atom in these positions with U iso (H) = 1.2U eq (O). Comparisons of various coordination modes of carboxylates are given (Table 3) , Additional file 1.
Results and discussion
Geometry around Cu(II) atoms
The coordination environment of metal center in both complexes (1) and (2) is square pyramidal in which two equatorial sites are occupied by the nitrogen atoms of the BIPY and the PHEN rings (respectively in 1 and 2) and the remaining two sites are occupied by two oxygen atoms of which one is from a coordinated water molecule and the other is from monodentate 5-TPC anion and the apical site is occupied by another monodentate 5-TPC anion (Figure 1 ). Complex (3) has a similar geometry around the central Cu(II) atom, but unlike those two complexes the NO 3 group in (3) mimics the role of one of the carboxylate. The square pyramidal geometry of each Cu(II) ion is furnished by the two nitrogen atoms from the 4,7-PHEN and two oxygen atoms (O1W, O1) from coordinated water molecule and monodentate 5-TPC anion respectively in the basal plane and one oxygen (O5) of the NO 3 anion in the apical position. Apart from the coordinated water molecule, there is one more water molecule (O2W) at the lattice. (4) has two monodentate Cu(II) atoms with the an identical square pyramidal environment. The same square pyramidal geometry like that of (1-3) is observed in (4). The equatorial positions are occupied by three nitrogen atoms of BIPY molecules and oxygen of the monodentate carboxylate molecules. The axial position is occupied by one of the nitrogens of a BIPY molecule. There are two perchlorate anions in the lattice. Complex (5) is a discrete Cu(II) dimer. The molecular structure consists of two square pyramidal copper(II) ions bridged by two oxygens (O1,O4) from two dihydrogen phosphate ions (H 2 PO 4 ) − in the basal plane to form a dimer; the rest of the coordination sites of each copper ion in the basal plane are occupied by two nitrogen atoms from the BIPY molecule. The apical position of each copper is accommodated by one oxygen from the dihydrogen phosphate. The distance between two copper metal centers in the dimer is 5.100Å. The assignment of P = O, P − O − , and P − OH bonds are consistent with the literature [54] . The largest angle around the Cu(II) center (β) is considerably different from the second largest one(α). The distortion of the coordination polyhedron from the square-pyramidal geometry in (1-5) is rather small as reflected in the structural index τ (where τ = (β-α)/60) ( Table 3 ) [55] . The deviation of the Cu atoms above the basal plane of the square pyramid as well as the axial bond lengths are given in (Table 3) .
Crystal structure description of [Cu(Bipy) (5-TPC) 2 
(H 2 O)] (1), [Cu(Phen) (5-TPC) 2 (H 2 O)] (2)
The ORTEP drawings of the asymmetric units of (1) and (2) with the atom-numbering schemes are illustrated in (Figure 2a, b) and, respectively. Complexes (1) and (2) The most characteristic feature of both the complexes is the involvement of both the water hydrogens (apical water) in O-H…O hydrogen bonding with the monodentate carboxylate leading to two a graph set motifs with graph set notation of S (6) (Figure 2c,d ) [56] [57] [58] . Although the first order coordination of both complexes is same they differ in their supramolecular architectures. In (1) each monomer is linked to another monomer in the crystallographic c axis through the π-π stacking interactions inbetween the BIPY rings. The stacked molecules further extend into a chain by a C-H…O interaction. Further this chain is still stabilized by a Cl-π interaction inbetween Cl2 → Cg5
iii and π-π stacking interactions [59] . Each of this chain is linked to the adjacent chain by a Cl-π interaction inbetween Cl1 → Cg2 iii (Figure 3 ).
In (2) iii (where Cg1 = S1, C2-C5). As in the case of (1), here each of this chain is linked to the adjacent chain by Cl-π interaction inbetween Cl1 → Cg2 iii ( Figure 4) . Crystal structure description of [Cu(NO 3 ) (4,7-Phen) (5-TPC) (
In complex (3) one of the water hydrogens (apical water) is involved in O-H…O hydrogen bonding with the monodentate carboxylate leading to a S(6) graph set motif as in (1) and (2) (Figure 5a ). The presence of coordinated water molecule, carboxylate and nitrate groups, together with the molecule of solvation (H 2 O) causes extensive hydrogen bonding interactions in complex (3). The H-bonds to a charged carboxylate group or nitrate anion can be termed "charge-assisted H-bonds", here the carboxylate or nitrate groups as hydrogen bond acceptors carry negative ionic charges. Such charge-assisted H-bonds are much stronger than hydrogen bonds between neutral atoms [60] [61] [62] [63] [64] [65] [66] [67] . Each of the monomer is connected to each other by (O1W-H2W…O6 X (symmetry code x = −x,-y,1-z hydrogen bonds) inbetween the coordinated apical nitrate anions and coordinated water molecules (Figure 5b ). Also the presence of hydroxyl groups in the ligand (4,7-PHEN) introduces a steric influence in the structural behavior of the (3). This hydroxyl group (O4) of a 4,7-PHEN is involved in C17-H17…O4 hydrogen bonding with another 4,7-PHEN in the same plane giving rise to a hydrogen-bonding motif with the graph-set descriptor R 2 2 (10). One of the hydrogen atoms of the uncoordinated water molecule (H3W) and hydrogen of another 4,7-PHEN lying in the same plane are connected by two O-H…O hydrogen bonds (O2W-H3W…O2, O3-H3A…O2W). Consequently, the layer like pattern is formed by C-H…O and O-H•••O hydrogen bonds ( Figure 6 ).
As depicted in (Figure 6 ), two of these layers are linked to each other by four sets of O-H…O hydrogen bonds inbetween the coordinated nitrate, carboxylate and uncoordinated water molecules. Also there is a Cl…π interaction observed inbetween the Cl1 and Cg5 [where Cg5 = C9, C10,C11,C12,C17,C16].
In general, the coordination bond lengths in complexes (1) (2) (3) (Figure 10b ). These chains extend along the crystallographic a axis perpendicular to the direction of previous chain.
Conformations of 2,2′-bipy in complexes 1,4,5
Conformations of 2-2′-bipy in the complexes (1, (4) (5) are different depending on the anion. The dihedral angles between two pyridyl rings of 2-2′-bipy are listed in (Table 4) . The above complexes show different structures with different coordination modes of carboxylate, different numbers of 2-2′-bipy coordinated to the Cu 2+ ion.
Conclusions
We have presented a systematic investigation of one dinuclear and four mononuclear Cu(II) complexes. Their (19) 
